Bacillus licheniformis SK-1 naturally produces chitinase 72 (CHI72) with two truncation derivatives at the C-terminus, one with deletion of the chitin binding domain (ChBD), and the other with deletions of both fibronectin type III domain (FnIIID) and ChBD. We constructed deletions mutants of CHI72 with deletion of ChBD (CHI72ΔChBD) and deletions of both FnIIID and ChBD (CHI72ΔFnIIIDΔChBD), and studied their activity on soluble, amorphous and crystalline substrates. Interestingly, when equivalent amount of specific activity of each enzyme on soluble substrate was used, the product yield from CHI72-ΔChBD and CHI72ΔFnIIIDΔChBD on colloidal chitin was 2.5 and 1.6 fold higher than CHI72, respectively. In contrast, the product yield from CHI72ΔChBD and CHI72ΔFnIIID-ΔChBD on β-chitin reduced to 0.7 and 0.5 fold of CHI72, respectively. These results suggest that CHI72 can modulate its substrate specificities through truncations of the functional domains at the C-terminus, producing a mixture of enzymes with elevated efficiency of hydrolysis. [BMB reports 2011; 44(6): 375-380]
INTRODUCTION
Most bacterial chitinase consist of multiple functional domains with different domain rearrangements (1-4). These functional domains have been shown to be involved in substrate binding and play an important functional role in the hydrolysis of insoluble substrates (5-12). It may also influence the mode of hydrolysis, the mechanism of how these different chitinases hydrolyzes chitin, as well as the product size distribution that these enzymes produce (13). Chitinases from Serratia marcescens and Alteromonas sp. strain O-7 have been extensively studied (14-24). S. marcescens produces three chitinases, ChiA, ChiB, and ChiC. While ChiA and ChiB are exo-chitinases, ChiC is an endo-chitinase (14-16). ChiA contains an N-terminal domain which can bind and guide the substrate into the catalytic cleft (17-21), while ChiB contains a chitin binding domain at the C-terminus of the protein (22, 23) . Alteromonas sp. O-7 produces four chitinase, ChiA, ChiB, ChiC and ChiD. ChiA of Alteromonas sp. O-7 has the highest substrate specificity towards crystalline chitin (powder chitin), while ChiC has the highest substrate specificity towards soluble chitin (glycolchitin). ChiD demonstrated highest activity on amorphous substrate (colloidal chitin), however, ChiD also exhibited relatively high activity on crystalline substrate. On the other hand, ChiB of Alteromonas sp. O-7 has a slightly low activity and did not show any preference towards the substrates used (24). S. marcescens and Alteromonas sp. O-7 use multiple enzymes synergistically to efficiently hydrolyze chitinous substrates. Bacillus licheniformis SK-1 studied in our laboratory produces three chitinases, CHI72, CHI66, and CHI58 in the culture medium, as shown by activity staining of the crude enzyme produced when cells are grown in medium containing chitin as carbon source (25). This phenomenon has also been reported by others studying chitinase from B. licheniformis (26) (27) (28) (29) . However, the disparity of the enzymes is not from glycosylation in Escherichia coli. Chuang et al., found that the BlChi4 and BlChi4G419 come from proteolytic cleavage phenomena (29) and Tantimavanich et al., reported that Chi68, Chi62 and Chi50 of B. licheniformis TP-1 were derived from a single gene (28).
We have cloned chi72 gene from B. licheniformis SK-1. The deduced amino acid sequence of recombinant chitinase 72 (CHI72) demonstrated that CHI72 consists of a catalytic domain followed by a fibronectin type III domain (FnIIID) and a chitin binding domain (ChBD) at the C-terminus. When chi72 gene was expressed in E. coli, we observed that recombinant CHI72 produces two C-terminal truncated derivatives similarly as the ones found in B. licheniformis SK-1. Since these domains are involved in enzyme substrate interactions, therefore truncation of CHI72 may generate a mixture of chitinases derivatives with different substrate specificity, which can work http://bmbreports.org synergistically or cooperatively in hydrolyzing chitin. If this is true, in contrast to S. marcescens and Alteromonas sp. O-7 where multiple gene products were employed, B. licheniformis has a far more effective approach to produce a mixture of chitinases with altered substrate specificity to efficiently hydrolyze chitinous substrate by generating truncation derivatives from a single gene product.
Therefore, in this study we have constructed truncated derivatives of the recombinant CHI72 with deletion of the ChBD, CHI72ΔChBD and both the FnIIID and ChBD, CHI72-ΔFnIIIDΔChBD. These derivatives were expressed and their activity on soluble, amorphous, and crystalline substrate studied. We have also proposed that the truncations of CHI72 at the C-terminal, which produces a mixture of enzymes, could increase the efficiency of chitin hydrolysis probably by modulating the substrate specificity of the truncated enzyme products.
RESULTS AND DISCUSSION
The purified wild type CHI72 (wtCHI72) produced two proteolytic C-terminal truncated derivatives, CHI65, and CHI58 after several days of storage at 4 o C (Fig. 1) WtCHI72 and two truncated derivatives were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and in-gel typsin digested. The peptide fragments of three enzymes were analyzed by liquid chromatography-mass spectrometry (LC-MS/MS). The result from in-gel typsin digestion, LC-MS/MS analyses, demonstrates that CHI66 lacks the peptide fragment corresponding to the ChBD and CHI58 lacks the peptide fragments corresponding to both FnIIID and ChBD (Fig. 1) .
The deletion mutations of chi72 gene with deletion of the ChBD, residues 529-598, and deletions of both the FnIIID and ChBD, residues 447-598, were constructed. Plasmids carrying intact and truncated chi72 gene were introduced into E. coli Top10 for chitinase production. Purification of recombinant CHI72 and CHI72ΔChBD were achieved by colloidal chitin adsorption. Purification of recombinant CHI72ΔFnIIID-ΔChBD, lacking the chitin binding ability, was achieved by diethylamino ethanol-cellulose (DEAE) ion exchange column chromatography (Fig. 2) . Surprisingly, although it was shown earlier by Watanabe et al. , that the FnIIID of Bacillus circulans WL-12 ChiA1 was not involved in substrate binding (10), we found that FnIIID of B. licheniformis SK-1 CHI72 is involved in substrate binding, as CHI72ΔChBD can bind to colloidal chitin during purification. This phenomenon was also reported by Chuang et al. (29) . We found that FnIIID of B. licheniformis SK-1 CHI72 has 50.6% and 47.6% homology with FnIIID1 and FnIIID2 of B. circulans WL-12 ChiA1, respectively. This result implies that though both B. licheniformis and B. circulans WL-12 contain FnIIID, they have different functional role in chitin hydrolysis. The predicted molecular masses from the deduced amino acid residues of recombinants CHI72, CHI72ΔChBD and CHI72ΔFnIIIDΔChBD were 66 kDa, 58 kDa and 50 kDa, respectively. Furthermore, the recombinant derivatives CHI72ΔChBD and CHI72ΔFnIIIDΔChBD were
